Abstract -The effect of the isocyanate index, which is the molar ratio NCO : OH, on the development of structural mechanical and fatigue characteristics of microcellular polyurethanes has been studied. The correlation between fatigue and mechanical characteristics of microcellular polyurethanes at an elevated temperature ( 100°C ) has been established. Fatigue lifetime has been found to be proportional to the concentration of heatresistant ordered domains of hard blocks, which was estimated by the DSC method.
INTRODUCTION
High mechanical and fatigue characteristics of microcellular polyurethanes (MCUs), which are widely used for the preparation of damping details in the automobile industry and medical technology, are primarily provided by their domain structure, which is formed due to association of hard segments [1] [2] [3] . However, the contribution of the domain structure to the development of fatigue characteristics of MCUs has not been well studied. As was mentioned in [4] , a high level of association of hard domains is usually beneficial for the development of good fatigue characteristics. However, according to [5] , a complete segregation of hard blocks into domains appears to be undesirable; hence, there is an optimum degree of segregation, at which the formed structure can be easily adjusted to the impact of deformation stresses. For example, the domain structure of polyurethanes can be modified by varying the molar ratio NCO : OH (the isocyanate index) [3] . In practice, an early fracture of MCU-based articles is often provided by a deviation of the isocyanate index from the optimum value, which ensures the best combination of both mechanical and fatigue characteristics [3, 6] . Depending on the structure and density of MCUs, this optimum NCO : OH ratio can be varied from 0.95 to 1.05. Therefore, the objective of this study is focused on the investigation of the effect of the isocyanate index on the stability of the domain structure and the analysis of thermomechanical and fatigue characteristics of MCUs.
EXPERIMENTAL
In this study, we examined MCUs with a density of 500 kg/m 3 ; the materials were prepared via the wet molding procedure on a Desma molding machine. The isocyanate component was a pseudoprepolymer based on 4,4'-diphenylmethane diisocyanate (MDI) and poly(ethylene glycol adipinate) P-6 ( M = 2000) containing 19.7-20% of NCO groups. The composition of hydroxyl-containing components is the following: poly(ethylenebutylene glycol adipinate) P-6-BA ( M = 2000), 1,4-butanediol, water, catalysts, and emulsifying agents. The isocyanate index was controlled by varying the ratio between isocyanate and hydroxyl-containing components from 0.88 to 1.3.
The samples for mechanical tests were cut as strips with a thickness of 1.5-2.0 mm from the deep layers of MCU blocks at a depth of 5 mm. Then, these strips were cut into dumbbell-shaped specimens with a width of 3 mm. The fatigue characteristics of MCUs were measured using the laboratory testing machine [7] under the regime of cyclic loading with a frequency of 1 Hz at strains ranging from 50 to 400%. The results were plotted as the logarithm of the number N of cycles The mechanical tests at different temperatures were performed on the testing machine described in [9] . The equilibrium volume degree of MCU gel swelling Q g was measured after keeping the test samples in tributyl phosphate (TBP) for 14 days, subsequent removal of TBP in the excess of toluene, and drying at 80°ë in a vacuum until the constant weight was attained. Calorimetric studies were conducted on a DSC-822 Metter differential scanning thermal analyzer at temperatures varying from -100 to +250°ë ; the heating rate was 10 K/min.
RESULTS AND DISCUSSION
The dependences of the logarithm of fatigue lifetime and the coefficient n on the isocyanate index ( Fig. 1 ) are curves with a maximum at NCO : OH = 1.03, and this result agrees with the data reported in [1, 3] . In the general case, the fatigue lifetime should be increased by improving the mechanical characteristics [10] . However, the mechanical characteristics at 20°ë (table) initially increase with an increase in the NCO : OH ratio; then, they remain virtually at the same level.
This fact implies that the ultimate mechanical characteristics of MCUs at 20°ë can hardly be used for the characterization of fatigue fracture processes and, hence, for the prediction of operating lifetime of MCUs. Since in practice the operating temperature can be increased to 60°ë and the bulk samples can be subjected to the hysteresis heatup [4], the most important approach for studying the lifetime characteristics should involve the analysis of the temperature dependences of mechanical properties [11] . For MCUs with different isocyanate indices, differences in the corresponding strength and strain characteristics become more pronounced with the increasing temperature (Fig. 2) ; finally, this difference achieves its maximum at 80-100°ë . At 100°ë , the dependence of the mechanical characteristics of MCUs on the isocyanate index shows a well-defined maximum (Fig. 3) . This behavior agrees with changes in the fatigue lifetime. As the principle of temperature-time analogy can be applied for the description of elastomers, one can anticipate that, for MCUs, an increase in the test temperature should be similar to an increase in the duration of the mechanical impact. Similar changes in fatigue lifetime and mechanical characteristics at 100°ë allow one to work out a reliable testing procedure for estimation of the long-term fatigue lifetime of MCUs [7, 11] . In this 
